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In optimally designing distributed-feedback (DFB) lasers (both junction 1 and other types 2 ) it is important to determine coupling coefficients and propagation constants. Coupling coefficients K determine the minimum net gain and/or length of the structure required to initiate laser operation (see Kogelnik and Shank 3 and Chinn4); overly large values of KL (L being the length) may also be suboptimal. 3 Propagation constants {3 determine the transverse-mode separation and more importantly the required period of the DFB structure. In this communication we present results for K and {3 as a function of the parameters in three-layer guiding structures, which encompass single-heterojunction (SH) diodes, double-heterojunction (DH) diodes, and other thin film lasers. It is shown that in many cases higherorder transverse modes have substantially higher coupling coefficients; to exploit this fact grating periods must be chosen which differ significantly from those usually utilized (see also Refs. 5 and 6). The particular geometry analyzed is illustrated in Fig. I (a) without the DFB structure, which in turn is illustrated in Fig. I (b) . Our calculations of {3 and K are similar to those of Yariv7 with some obvious notational changes. For TE modes
where k ; w / c and the coupling coefficient for a TE mode is
where all symbols are defined above or in Fig. I and m is the grating order, i. e., (3"'mrr/A. For a rectangular grating with w(
First consider (3, obtained by numerically solving Eqs. (la)-(ld). Note that the three-layer structure itself, with no grating as shown in Fig. l(a) , deter- 
Since the actual physical grating period A is fixed in a particular laser it is important to compute AO given A. .. Communications exist large ranges of t for which K2» Kl' Specifically, for t=2 Mm, Mm-1 and K2=2. 40X10-3 Mm-1 so that the second mode will have a much lower threshold than the first.
Consider next a DH diode with nl = 3. 4, n2 = 3.6, n3 =3.4, and t=2 Mm. We calculate {3 and then K; the latter as a function of rectangular grating height g for wol 11.= 00 25 and third-order operation. Values of {3, A g , and A are listed in Table II for Ao = 8500 A. Clearly, for particular values of A each of the transverse modes resonates at a different free-space wavelength AO' Values of >to for three different grating spacings chosen to resonate the first, fourth, and fifth modes, respectively, at Ao = 8500 A are listed in Table III . We note that for A = 3623 and 3669 A the modes adjacent to those resonant at >to = 8500 A are shifted so far from line center that they experience substantially reduced net gain. Figure 3 is a plot of K vs grating height for propagating modes in the DH geometry. Generally, K increases with mode number, which reflects the fact that the higher modes have larger relative amplitudes in the vicinity of the grating. Also, K increases with grating height g; however, when g approximates the zero of a particular mode dK/ dg = O. This occurs for the sixth mode at g "'2500 A; K does increase for that mode with further increases ing and, in fact, K6 exceeds K5 atg",4500 A. Identical calculations have been carried out for TM modes with very similar results. Generally, K for TM modes is slightly smaller than that for corresponding TE modes, but the differences are not Significant. It should also be noted that the above analysis is based on perturbations rather than an exact solution of the boundary value problem (with grating present). We believe the results to be valid for the grating heights and structural dimensions considered herein.
In conclUSion, we have shown that higher-order transverse modes in guided-wave structures often have much larger coupling coefficients than do lower modes. Grating spacings required to resonate the higher-order transverse moaes have been calculated and these modes were shown to have large separations in frequency, thus facilitating single-mode operation. The results indicate that it is often desirable to fabricate the DFB grating of a guided-wave laser at a period which differs substantially from that required to resonate the lowestorder mode.
